Model-Based Testing:
An Introductory Tutorial

Shuai Wang, Senior Test Consultant
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Vs Agenda

* Introduction (30 min)
- Start MBT with a simple example (30 min)
- Short break (10 min)

- The value of models (40 min): three real case studies

* Q&A (10 min)
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Vs Agenda

» Introduction (30 min)

- The speaker

- What is MBT?
- Why is MBT?
- MBT tools

09/04/19

Testify AS



Vs My self...

- Ph.D. within software engineering, Software V&V
- Model-based software engineering
- Search-based software engineering
- Empirical software engineering
- Evolutionary computation

- 7-year model-based research experience with many industrial
partners
- Cisco system (model-based testing)
- Kreftregisteret (model-based data checking)

- More than 40 publications (I bet you don’t care :D)
- First time to give the tutorial in such a forum
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®Z Focus of this tutorial

» Understanding of basic MBT principles

» lllustrations of MBT with an example
+ Test requirements to models
- Models to test cases (tests)

- Benefits of using models in practice
- Not only for testing!
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E" Our lives are dependent on different large-scale systems

Subsea production system

e

Video conferencing system Robot

Remote surgery
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E‘A bad quality software can put our lives in danger
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E. Testing large-scale system is very expensive and
time consuming

@

Diverse hardware Diverse software
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¥ How to position MBT?

What is MBT
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Vs How to position MBT?
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Vs What kind of testing?

Application Testing Functional Testing

Non-functional

Integration Testing Testing

System Testing End-to-End Testing Acceptance Testing
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What is MBT

Vs MBT definition

- Wikipedia:

Model-based testing is an application of model-based design for
designing and optionally also executing artifacts to perform
Software testing or system testing. Models can be used to
represent the desired behavior of a system under test (SUT), or to
represent testing strategies and a test environment.

09/04/19 Testify AS 12



What is MBT

Vs MBT definition

- Wikipedia:

Model-based testing is an application of model-based design for
designing and optionally also executing artifacts to perform
Software testing or system testing. Models can be used to
represent the desired behavior of a system under test (SUT), or to
represent testing strategies and a test environment.
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What is MBT

Vs “All testing is model-based”

- Patterns for test design '[T‘
- Methods 1____JI(E)STING 0
. BJECT-URIENTED
Classes . . SYSTEMS
) PaCkage and System lntegratlon MobELs, PATTERNS, AND ToOLS

- Regression
+ Test automation

- Oracles

- In total 35 patterns, each a test
meta model JEABSIN

RUMBALCH

ROBERT V. BINDER
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Vg Overview of MBT

What is MBT

Model

Derived
from...

Abstract Test

Partial or total description
of...

Abstract version of...

>

%

From: http://web.imt-atlantique fr/x-info/atlanmod/index.php?titte=Model_Based_ Testing

System

VN

Can be
run against...

Executable
Test
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va Common testing strategies

- Manual exploratory testing

- Manual testing

- Hard-code testing

- Model-based testing

09/04/19 Testify AS 19



va Advantages of MBT

- Easy to understand and communicate from both the business
and developer communities

- Separates (business-) logic from testing code

- Increase the test coverage

- Commercial tools are developed to support model-based testing

09/04/19 Testify AS 24



va Advantages of MBT

- Enable to switch testing tool if needed or support multiple
platforms using the same model

- Easier test suite maintenance

- Better test quality
- no human faults

- Computer can find more combinations for complex systems than human
brain
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V4 Drawback of MBT

- Requires a formal specification or model to carry out testing

- Changes to the model might result in a different set of tests

- Test cases are tightly coupled to the model
- Test quality depends on models!
- Sometimes, manual checking of tests is required

09/04/19 Testify AS 26



¥2 MBT tools

- Leirios test generator

- MaTelLo

* Qtronic

- Reactis

- Spec Explorer

- TRUST (Simula developed :D)
- ecFeed

09/04/19 Testify AS 27



va Example: Leirios test generator

 Operating system: Windows, Linux

- Modelling:
- Languages: UML+OCL
+ Supporting third party modelling tools
- Rational Software Modeler (RSA)
- Model validation
- Checking generated test cases

09/04/19 Testify AS 28



va Example: Leirios test generator

- Test generation guiding
- Targets: test are consisting three parts:
- Pre-
+ Body (=target)
* Post-
- «Test writing:
- Exporting test suite
- Large variety of exporting formats
- Manual checking

: 'Report &_t_raceab"'ty Choose the tool that fits your need!
+ Traceability matrix

09/04/19 Testify AS 29




Vs Agenda

* Introduction (30 min)
- Start MBT with a simple example (30 min)
- Short break (10 min)

- The value of models (40 min): three real case studies

* Q&A (10 min)

09/04/19 Testify AS
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Vs System under test (SUT)

-+ A simple Web Application

- Features
+ Manage the inhabitants (Add / Delete / Edit)
* Marry the inhabitants

* Divorce the inhabitants

- Navigation
- Start at HOME

+ Go to CHURCH to perform a Marriage, once done go back
HOME

+ Go to COURT to perform a Divorce, once done: go back HOME

‘Example borrowed from: rom Eddie Jaffuel

09/04/19 Testify AS
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Etem under test (SUT)

i Frefox ~

Smart-Sims at Home

First Last Gender Age Married Edit Delete
name name with
a Isabel H Female 34 & &
™ Eddie Jaffuel Male 39 &, &
™ Dooley NSEWOLO Male 35  Christelle & &
— NSEWOLO
a Christelle NSEWOLO Female 30 Dooley & &
NSEWOLO

. Sims

First name

Last name

Gender

Male

Age

' Create Inhabitant |

09/04/19
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] Firefox ~

~ sims

First Last Gender Age

name name
a Isabel H Female 34
® Eddie Jaffuel Male 39
[

Dooley NSEWOLO Male 35
a Christelle = NSEWOLO Female 30

Smart-Sims in Church

Married with

Christelle
NSEWOLO

Dooley
NSEWOLO

¥ System under test (SUT)

New marriage

1 error prohibited this wedding from being saved:

® Second spouse already marmned

First person

Isabel H [+]

Second person

‘ Dooley NSEWOLO (=] \

| Get Married |

09/04/19
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& System under test (SUT)

First Last
name name
a Isabel H
™ Eddie Jaffuel
™ Dooley NSEWOLO
a Christelle NSEWOLO

Gender

Female

Male

Male

Female

Smart-Sims in Court

Age Married
with

34 Eddie Jaffuel

39 Isabel H

35 Christelle
NSEWOLO

30 Dooley
NSEWOLO

New divorce

First person

Isabel H v

Second person

.....................................................

09/04/19
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va Test requirements (1/2)

@REQ

ADD_INHABITANT

Requirement description
The conditions which allow to add
one inhabitant are:
- all its informations are provided
(identifier, gender, age)
- its age have to be greated than 1
- the inhabitant not already exist

In case of success, the inhabitant is
added to the list of inhabitants, and
its information are displayed. A new
inhabitant is single by default.

|f an error OCcurs, an error message
indicates which condition is not
fullfilled.

#AIM

Success

Already
exists

Empty
identifier

Age not
strictly

positive

DELETE_INHABITANT

You can only suppress one
inhabitant if it exists

Success

09/04/19
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% Test requirements (2/2)

| @REQ Requirement description #AIM

The conditions which allow a
marriage are:

- age over 18

- none of them are married

- one male and one female

Error
. Error Error Error ,
Once the marriage is accepted, the , one is
MARRIAGE ) ) _ Success| same same one is
status of the 2 inhabitants is already

erson ender |not adult
modified accordingly their fields P § married

"Married with ..." is filled

If an error occurs, an error message
indicates which condition is not
fullfilled.

09/04/19 Testify AS



va Test model: model system behaviors

- Behavioral Model:
- System functionalities: Operations
- Data representation: Classes
- Initial data of the SUT: Objects
- Behavioral flow: State Machine
- Business rules: Object Constraint Language (OCL)

09/04/19 Testify AS
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va Test model: model system behaviors

- Behavioral Model:
- System functionalities: Operations
- Data representation: Classes
- Initial data of the SUT: Objects
- Behavioral flow: State Machine
- Business rules: Object Constraint Language (OCL)
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E‘ Operations: points of control

.| Sims_app

Smart-Sims at Home

&2 Add_inhabitant ()

First Last Gender Age Married Edit Delete aﬁn to_church ()
name name with { - =

a Isabel H Female 34  -- @

-
Eddie Jaffuel Male 39 &, &

- # Go_to_court ()

= Dooley NSEWOLO Male 35 Chnistelle & &

— NSEWOLO

8 Christelle NSEWOLO Female 30 Dooley ﬂ.r & ﬁ Delete_inhabitant ()

NSEWOLO
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u' Operations + parameter

Three parameters

- Sims_app

09/04/19

£ Add_inhabitant ()
& IN_id -
& IN_gender
@ IN_age

L Sims

Irst name

Last name

Create Inhabitant |

40



E" Operations + parameter

New marriage

First person

Isabel H -

Second person

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Two parameters

09/04/19 Testify AS



u' Operations

09/04/19

! Sims_app
[C message : MESSAGES

5, @ Marry_check_error (
& OUT_message

«gnumeration=
|'E:] MESSAGES

=3 NO_MESSAGE

=3 ERROR_ADD_INCORRECT FIELD

=3 ERROR_ADD_DUPLICATE_INFORMATION
=) ERROR_MARRIAGE_SAME_PERSON

=3 ERROR_MARRIAGE_SAME_GENDER

=3 ERROR_MARRIAGE_NOT_AN_AD

|| = ERROR_MARRIAGE_NOT _SINGLE

=3 ERROR_DIVORCE_NOT_MARRIED

| = ERROR_DIVORCE_MARRIED_BUT_NOT_TOGETHER

New marriage

1 error prohibited this wedding from being saved:

l = Second spouse already married

First person

sabel H [=]

Second person

‘ Dooley NSEWOLO [=] \

| Get Married |

42



va Test model: model system behaviors

- Behavioral Model:
- System functionalities: Operations
- Data representation: Classes
- Initial data of the SUT: Objects
- Behavioral flow: State Machine
- Business rules: Object Constraint Language (OCL)

09/04/19 Testify AS
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Vs Data Representation

- The Class diagrams helps to model the Data representation
- Classes helps to represent the Business Entities
- Attributes are the characteristics of the Business Entities
- Association are the relations between Business Entities

A< Data Representation

| Sims_app - sims_app - inhabitants | Person

[Eg Mmessage : MESSAGES | .1 — = [_F.‘id : IDENTIFIERS
[Eg 9ender : GENDER - wife

is married with

09/04/19 Testify AS 44



va Test model: model system behaviors

- Behavioral Model:
- System functionalities: Operations
- Data representation: Classes
- Initial data of the SUT: Objects
- Behavioral flow: State Machine
- Business rules: Object Constraint Language (OCL)

09/04/19 Testify AS
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%7 Initial Data of the SUT

- The Object diagram used to model the Initial Data of the SUT

- Objects are instance of Business Entities | = otisstdisem i,

sut: 7! Personlnstance3 : Person
i * sms o -inhabitants 2 id = ISABELLE |

Fir r rri g 2ge = 34
irst Last Gender Age M.a ried 5 —
name name with

4. personinstances : Person |
Isabel H Female 34 -- -inhabitants 2 id = EDDIE '

|:__—-.gmdu' = MALE
| Egy20e =3

Eddie Jaffuel Male 39
7 Personlnstanced : Person

- inhabitants 55 id = DOOLEY
Dooley NSEWOLO Male o Chnstelle (5 9ender = MALE

L = 35
NSEWOLO SRR

- wife
Chnistelle NSEWOLO Female 30 Dooley 7 Personlnstance : Person

> 0 b o

-inhabitants =2 id = CHRISTELLE
NSEWOLO ——— a
(Eg 9ender = FEMALE
| Egoge = %0
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va Test model: model system behaviors

- Behavioral Model:
- System functionalities: Operations
- Data representation: Classes
- Initial data of the SUT: Objects
- Behavioral flow: State Machine
- Business rules: Object Constraint Language (OCL)

09/04/19 Testify AS
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¥4 Behavioral flow

- The State Machine used to model the Dynamic Flows

- With States and Transitions

(_» StateMachine Flows

| HOME
—> Add inhabitant -
I f
Go to church Marry Go to court Divorce
&9 Church ) Court

09/04/19
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va Test model: model system behaviors

- Behavioral Model:
- System functionalities: Operations
- Data representation: Classes
- Initial data of the SUT: Objects
- Behavioral flow: State Machine
- Business rules: Object Constraint Language (OCL)

09/04/19 Testify AS
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& Business rules: OCL

@REQ

MARRIAGE

ﬁ *Marry I3 .

Requirement

The conditions which allow a marriage
are:

- age over 18

- none of them are married

- one male and one female

Once the marriage is accepted, the

-——@REQ: MARRIAGE

personl = person &n
--—@AIM: Error same person
self.message = MESSAGES::ERROR MARRIAGE SAME PERSON

else if personl.gender = personz.gender then
———@AIM: Error same gender
self.message = MESSAGES::ERROR_MARRIAGE SAME GENDER

alse if (personl.age < 1l8) or (personzZ.age < 1l8) then
--—@AIM: Error on= is not adult

d!ir.:ripiinn status of the 2 inhabitants is modified self.message = MESSAGES::ERROR MARRIAGE NOT AN ADULT

accordingly their fields "Married with

P else if personl.is married() or personl.is married() then
we IS fl"Ed ——=@AIM: Error one is already married

self.message = MESSAGES::ERROR_MARRIAGE NOT_SINGLE
If an error OCCurs, an error message else
indicates which condition is not ---@AIM: Success
. self.message = MESSAGES::NO MESSAGE
fullfilled. and -
#Al“ EI'I'DI' same person if personl.gender = GENDER: :MALE then

E l:l -——@AIM: personl i3 a man

ror Ssame gendaer personl.wife = person
Error one is not adult else
E i alread ied --=-@AIM: perscnl is a woman

fTOr one IS already marri personl.husband = personz
Success endif

09/04/19 Testify AS




% Test generation

R o

Tests

MARRIAGE

The conditions which allow a marriage are:
- age over 18
- none of them are married
- one male and one female

Once the marriage is accepted. the status
of the 2 inhabitants is modified accordingly
their fields "Married with ..." is filled

If an error occurs, an error message indicates
which condition is not fullfilled.

Error one is already married

jte_Famil
Marry_Error_one_is_already_married (02-23-c8)
-----_-__——_

Error one is not adult

Error same gender

testSuite—Famity

|Ma Error_same_gender ﬂE'QE-ED
Marry_Error_same_gender ( )

Error same person

testSuite_Family
[Marry_Error_same_person (02-2a-e4)

09/04/19

Success testSuite_Family
[Marry_Success (02-ae-f1)
DIVORCE Error married but not together |testSuite_Family

The conditions which allow a divorce are:
- 2 person being married together

Once the divorce is accepted, the status
of the 2 inhabitants is modified accordingly:
their fields "Married with ..." is empty.

[Divorce_Error_married_but_not_together (02-24-87)

Error one is not married

testSuite_Family
|Divorce_Error_one_is_not_married (02-91-7c)

Success

testSuite_Family
|[Divorce_Success (02-57-2b)

51



¥a Test example: 1

Test: Marry_Error_same_person (02-2a-e4)

Steps Actions Requirements, aims
Step1 Go to church
(sut)
Click on the button "Go to church”
Step 2 Marry REQ
( sut) MARRIAGE
Chck on "Get Marned”
Select the first person identified with EDDIE AIM
Select the second person identified with EDDIE Error same person
Chck on the bouton "OK"
> 2. Check that the message ERROR_MARRIAGE_SAME_PERSON is displayed
09/04/19 Testify AS
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¥4 Test example: 2

Test: Marry_Error_one_is_already_married (02-23-c8)

Steps Actions Requirements, aims
Step 1 Go to church
(sut)
Click on the button "Go to church”
Step 2 Marry REQ
(sut) MARRIAGE
Click on "Get Marned”
Select the first person identified with DOOLEY AIM
Select the second person identified with CHRISTELLE Error one is already married

Click on the bouton "OK"

@ 2 1 Check that the message ERROR_MARRIAGE_NOT_SINGLE is displayed

* “

09/04/19 Testify AS
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va Take-away from this example...

- Step 1: build test model
- Operations: points of control and observation
- Classes: data representation
- Object: initial data of the SUT

- State Machine: business flows
- Object Constraint Language (OCL): business rules

- Step 2: generate tests

09/04/19 Testify AS
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Vs Agenda

* Introduction (30 min)
- Start MBT with a simple example (30 min)
- Short break (10 min)

- The value of models (40 min): three real case studies

* Q&A (10 min)

09/04/19 Testify AS
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Vs Agenda

* Introduction (30 min)
- Start MBT with a simple example (30 min)
- Short break (10 min)

* The value of models (40 min): three real case studies

* Q&A (10 min)
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Y4 Three case studies using models

- Cisco: Video Conferencing System (VCS)
+ Case study 1: generating tests for testing robustness of VCS

- Case study 2: test selection for VCS regression testing
* Not using UML and OCL!
+ Broadly, models in MBT can be any models!

- Kreftregisteret: Cancer Registry System (CRS)

+ Case study 3: model-based framework for supporting automated
CRS

* Not for testing but interesting.

09/04/19 Testify AS
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Vs Case study 1

MBT for Video Conferencing Systems (VCSs)

e

C40

C60 C90

09/04/19 Testify AS
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Video Conferencing System

Presentation
Video Channel

Channel



Model-based Robustness Testing

Endpoint 1

o

Endpoint 2

¥

System Under Test

Endpoint 3

Video

M

Audio

Il

Presentation



Modeling Robustnhess Behavior

“+ Robustness is the degree to which a software component functions

correctly in the presence of exceptional inputs or stressful environmental
conditions (IEEE Std 610.12-1990)

“ Modeling robustness behavior of Cisco’s Video Conferencing System
(VCS) in the presence of faults

%+ Network communication faults

s Media quality faults in media streams

% Faults in the endpoints

e ot
! :i—'-' = - —"f‘_% = L=
S S

% Modeling robustness behavior, for example in state machines, makes modeling highly complex and redundant

ni
il [
it
Lo
rd,
s |
AT
.] EY | i
i sy
_r.L|.L"u.—|
]
—

- by thinking constantly about it



Testing Robustnhess Behavior

X g%?gsated generation of executable test cases from robustness

“+ Specifically targeti ng to identify robustness faults that can occurin a
system due to faulty situations in the environment of the system

<+ Automation of this process requires many steps:

X tDetfining appropriate test strategies aimed to perform robustness
esting

% Using search-based techniques to generate test data from OCL
constraints

- by thinking constantly about it



Solution for Model-based Robustness Testing

1
[*) FunctionalModeling ~
cartifact. «UMLProfile» artifacts «UMLProfile- «UMLProfile- S
= UMLCh;-D—gum €2 MARTE | FaultTaxonomy [#] AspectSM %] RobustProfile w
=use=s '\ ; i U5 :
ceartifactss i ccartifactss e «ccartifacts»
FunctionalModeler %] UMLStatemachines D AspectClassDiagram EE AspectStatemachines RobustnessModeler

=input» cctools = nputs Empricial evaluation via two controlled
""""""""""""" experiments and an industrial case study

pre=————

EE Weaver
Implemented in Kermeta

cartifacts
EE WovenStatemachine

et 0o las | Industrial case study

ES OCLConstraintSolver

________

i =outputs
W tp

Empirical evaluation via a ssartifactss __'_'E’fffﬂtt_'t} «<SUT:= ~ Embedded Software

controlled experiment on an - ! PythonTestCases . =wes  Implementedin C

industrial case study

- by thinking constantly about




Modeling Robustness Behavior

- by thinking constantly about it



Robustness Modeling Methodology (RUMM)

=2 RobustnessModelingMethodology
‘UMLStatemachines
.—:- - Al: Develop a conceptual :;D - A2: Develop a behavioral model of
model of a system the system as UML state machines
UMLClassDiagram
A4: Develop a class -
T ©9 A3: Develop fault taxonom
LY diagram for a robustness ‘ FnultTlmmmEy( P yj
_ aspect .
e -
M
A*peﬂﬂllnbhgmm
Az pectStatemachines A6: Define ordering of
AS: Develop a state 3 “9 aspects using a state
= - machine
_ machine for the aspect
N WeavingDirectiveStatemachine [
WovenStatemachine )L‘ -
< | AT: Weave aspects with
[==]
behavioural models
ST A
|__ = | Functional Modeling @ Robustness Modeling | — | Automated

e T - —

*S.AlL L. Briand, and H. Hemmati. Modeling Robustness Behavior Usinghspect—Driérﬂed Maodeling to Support Robustness Testing of Industrial Systems,
Accepted for publication in the Journal of Software and Systems Modeling, Springer, 2011

- by thinking constantly about it




Activity Al: Class Diagram of the System

| Saturn:SystemUnit |

£ NumberOfActiveCalls : Integer ‘ . Saturn::IncomingPresentationChannel
Ei MaximumNumberOfCalls : Integer Ea Protocol : VideoProtocol
0..1 7 - systemUnit - incomingPresentationChannel 0..1
| | saturn::Saturn
4§ dial () - conference
¥ powerOff () | ] saturn::Conference - calls £ saturn::Call
&5 callDisconnect () - £y PresentationMode : String | ~ [Ecallitem : Integer
2 presentationStart () 0..1 [ Presenterid : Integer 1..3 g number : String
¥, presentationStop ()
-, callDisconnectAll () _ - . _
% updatePresenterId ( ) outgmngPresentatm-nChannel /< 0..1 |
& resetPresenterId ( ) . Saturn::0OutgoingPresentationChanne
g Protocol : VideoProtocol

- by thinking constantly about it




Activity A2: Develop Behavioral Model

= Saturn
E i
. { Sldle w dial O {E Cnnne:lad_lw
L ___/'{ I. J.
%% callDisconnect () h [
[NumberOfActiveCalls = = dial () [NumberOfActiveCalls = 2]
MaximumNumberOfCalls - 1] _ﬁﬂllnllmnr—d ()

D S dial ()
)

“S Full &9 NeotFull W

A

n,

% callDisconnect () ' 3 i

[NumberOfActiveCalls = MaximumNumberOfCalils >1
and NumberOfActiveCalls <« MaximumNumberOfCalls -1]

@ dial ()

% callDisconnect ()

simula - by thinking constantly about it



Activity A3: Develop Fault Taxonomy

Fault Description of the fault
Packet Loss This fault introduces network packet loss during a videoconference
Jitter

This fault introduces delays in the packet during a videoconference

Illegal H323 packet

This fault introduces illegal/malformed H323 packets in a H323 videoconference

Illegal SIP packet

This fault introduces illegal/malformed SIP packets in a SIP videoconference

MNo network connection

This fault shut downs the network

Low bandwidth

This fault reduces the bandwidth of the network to less than the bandwidth required by a videoconference

- by thinking constantly about it




Activity A4: Develop Class Diagram for Robustness
Aspect

=NfpType=» «NfpType= « CommunicationMedia»
o] Reorder 2] Delay “» Network
Eg delay : Delay Eg value : Integer Eg packetDelay : Delay
Eg reordervalue : NFP_Percentage Eg unit : TimeUnitKind Eg packetlLoss : PacketLoss
[Eg correlation : NFP_Percentage Eg randomVariationValue : Integer Eg duplicate : NFP_Percentage
[Eg distribution : Distribution Eg randomVariationUnit : TimeUnitKind [Eg corrupt : NFP_Percentage
Eg gap : Integer [Eg correlationValue : NFP_Percentage =g reorder : Reorder
Eg distribution : Distribution
Eg gap : Integer «NfpType=
2] PacketLoss
=enumeration= Eg packetLossValue : NFP_Percentage
=] Distribution [£g correlationValue : NFP_Percentage
= normal g distribution : Distribution
= pareto Eg gap : Integer
= paretonormal

simula - by thinking constantly about it



Activity A5: Develop Aspect State Machine

[* = <Aspect>>NetworkCommunication

l:Aspect: name: 'NetworkCommunicatonAspect’,
baseStatemachine = 'Saturn’
«Introduction=

'S self.network.packetLoss.packetLossValue.value = 0

% self.packetDelay.delay.value > 0 and self.packetDelay.delay.unit = TimeUnitKind:ms
% self.reorder.delay.value > 0 and self.reorder.delay.unit = TimeUnitKind::ms

%% self.corrupt.value > 0

B %% self.duplicatevalue > 0 - _ AT,
. -J «Pointcuts o ~ «Introductions» “JI uﬂ;ll;:.-iuin
L0 SelectStates &9 RecoveryMode | Jdisconnect \ €
- A= - % after (time) i
«Introduction= 2 DisconnectAll !
_Fi self.network.packetLoss.packetLossValue.value = 0
: %@ self.packetDelay.delay.value = 0 ]

; %% self.reorder.delay.value = 0 and self.reorder.delay.unit = TimeUnitKind:ms
" self.corruptwvalue = 0

. ' self.duplicate.value = 0 A

: 3: Pointcut: type= SelectionType::One,

2: Pointcut: type= SelectionType::Subset, selectionConstraint: e

“name != 'Idle’ and name != 'PresentingWithoutCall'"

- by thinking constantly about it




Activity A7: Weave Aspect State Machines

_ﬁseIf.netwnrl:.packetLass.packetLassValue.value >0
% self.packetDelay.delay.value > 0 and self.packetDelay.delay.unit = TimeUnitKind::ms
B self.reorder.delay.value > 0 and self.reorder.delay.unit = TimeUnitKind::ms
% self.corrupt.value > 0

%% self.duplicate.value > 0 w

\ —= Full H‘] = Rlﬂﬂvl‘l'r“ﬂd-.

b Y,

?5eIf.netwurk.pa::IcetLuss.paclcetLussValue.value =0
self.packetDelay.delay.value = 0
® self.reorder.delay.value = 0 and self.reorder.delay.unit = TimeUnitKind::ms
1I35nr-:I’r’.n'.:n::nrrupt.‘».ralura =0
‘ﬁself.duplimte.\ralue =0
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Evaluation- Reduced Modeling Effort

Crosseutting behavior Using aspects Without aspects Effort Saved (%)
States Transition Trigger { Added) States (Modified/ Transitions Trigger States Transitions Trigger
(Added) (Added) Added) (Modifie d/Added) | (Added)
Updating audio 1 - - 86 (Modified) - - 98% - -
constraints
Updating video 1 - 86 (Modified) - - 98% - -
constraints
M edia quality recovery 3 3 19 20 (Added) 178 160 - 98% 098 %
MNemvork communication 3 3 13 20 (Added) 178 1082 - 98 % 98%
Add Guard 2 1 - 0 22 (Modified) - - 95% : -

*5.AlL L. Briand, and H. Hemmati. Modeling Robustness Behavior Using Aspect-Oriented Modeling to Support Robustness Testing of Industrial Systems,
Accepted for publication in the Journal of Software and Systems Modeling, Springer, 2011
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Experiences -- Robustness Modeling

¢ Approximately 98% of modeling effort saved
“ Improved readability of models evaluated based on two controlled experiments !

o’

»* Readability (measured as defect identification and correction) was significantly
better than standard UML state machines. On average 28% increased.

o’

»* No significant differences in readability measured in terms of comprehension
questionnaire

¢ No significant difference in effort was observed
** Easier model evolution

** Enhanced separation of concerns

1. 5. Ali, T. Yue, and L. Briand. Does Aspect-Oriented Modeling Help Improve the Readability of l,,iML State Machines?.

- by thinking constantly about it



Test Case Generation

i I\
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Test Case Generation

+Constraints solving using search algorithms

%+ Developed a tool to generate test data required to violate different

properties of the environment to check robustness of the system against
those situations.

% Used evolutionary algorithms such as GA, 1+1 (EA), and AVM and defined
branch distance function for operations specific to OCL

+Developed a tool TRansformation-based tool for Uml-
baSed Testing (TRUST)

% Supports configurable and extensible features such as input models, test

models, coverage criteria, test data generation strategies, and test script
languages.
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Architecture Diagram for Search-based Solver for OCL

) ) oclconstraintinput : OCLConstraint )
input : OCLConstraintInput ey inputmodel @ Inputhiodel
,—-—]' ,3‘-’[ [ evaluator : Evaluator
= Ccomponents= : . idl : -'r.:nmpnnent- ’J_|' _________ E._a_r_s_er_:_f_ar_ser «mmpnﬂel‘i‘h -z = Components
%] Search AlgorithmEngine | 'P : FitnesssProvider) o6 manipulator < | EOSWrapper parser : Parser <1 EOS
_________________ = S e -
M [ ! evaluator : Evaluatur!?‘u 1 T model : Mudellﬁ
dataouput : DataOuput : ' I
H -cnmb‘ui'nem-
_____________________________ = I DistanceCalculator
fitnessevaluator : FithessEvaluator ]

i

L1
flty

1. EyeOCL (EOS) Software, http://maude.sip.ucm.es/eos/, 2010
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The TRUST Tool
*

c«m2mtransformations»
% StatemachineFlattening

tputss i
«<outpu W

ccartifactss Implemented in Kermeta
%] FlattenedStatemachine

«inputss |
v |
’ «m2Zmtransformation:» _i

5] TestTreeGeneration
wcoOutputs |

4
%] TestTree

w<inputss E
%

«m2ttransformations»
S | le ted in MOFS t
TestScriptGenerator } S " crip

«coutputss!

i |

«cartifactss
TestScripts

—— T — - ‘

S.AlLH. Hemmaﬂ, N. E. Holt, E. Arisholm, and L. Briand. Model Transformations as a Strategy ti:_.]ﬁ.utumate Model-B ased Testing - A Tool and Industrial Case Studies, Simula Research Laboratory, Technical Report(2010-01),
2010. |

- by thinking constantly about it




Experiences - Test Case Generation

“+ A few approaches are developed for OCL constraint solving, but they have one or more
of the following problems

“ Target only a small subset of OCL
“* Not scalable due to translations in to a formalism such as Satisfiability Problem (SAT) and
Constraint satisfaction problem (CSP)
¢ Lack of proper tool support
** Results of our solver for 57 industrial constraints:1?2
“* AVM (100%), (1+1) EA (98%), GA (65%), RS (49%)
¢ UML2CSP could not solve constraints ranging from 5-8 clauses (47 constraints).
We ran each constraint for one hour.

* The TRUST tool has been used for two industrial case studies (Cisco and ABB)3

1.5 Ali. M. Z Igbal, A Arcurl, and L. Briand. A Search-based OCL Constraint Solver for Model-based Test Data Generation, In: Proceedings of the 11th International Conference On Quality Software (QSIC 2011), pp. 41-50,
|EEE, 2011.

2. 5. Ali, M. Z |gbal, A Arcuri, and L. Briand. Solving OCL Constraints for Test Data Generation in Industrial Systemis with Search Technigues , Submitted to ACM Transactions on Software Engineering and Methodology
(TOSEM), 2011.

3. 5. Ali, H. Hemmati, N. E. Holt, E. Arisholm, and L. Briand. Model Transformations as a Strategy to Automate Model-Based Testing - A Tool and Industrial Case Studies, Simula Research Laboratory, Technical Report(2010-01),
2010.
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Test Case Execution
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Test Case Execution

MIC

q

=Endpoint, Environment=
=]1vcs1

portl

MIC1 portd MIC

MNIC MNIC2 port2

=Endpoint, Environment=
Z£1vwcs2

«=Endpoint, Environment=
=lwvcss
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Experiences - Test Case Execution

+Execution of test cases found one critical fault, when tests were executed on a small
subsystem

+Executing robustness test cases is expensive because it requires setting up special
equipment (hardware and/or software-based emulators)

“*Running one robustness test case requires booking a specialized testing lab and takes
on average 15 minutes on a Cisco’s VCS

- by thinking constantly about it




Va Case study 2

Test case selection using feature model

e

C40

C60 C90

09/04/19 Testify AS
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Test engineers ' \
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¥a Challenges for Manual Test Case Selection

» Time-consuming for manual selection
» Driven by the expertise, not objective and repeatable
» Low test coverage for the selected test cases

» No systematic guidelines for new test engineers

09/04/19 Testify AS 84



2 Overall View

O

i Feature Model for
Test Selection Testing (FM_T)
Front-end -

Test Engineer

Component Family
Model for Testing
(CFM_T)

Productk Line
— —~1 Test Case
Repository

 Feature Model to capture the commonalities and variabilities of product line

 Component Family Model for Testing (CFM_T) to model the structure of a large

number of test cases in the repository
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Va Feature Model for Testing (FM_T)

 Feature modeling is a hierarchical modeling approach for capturing
commonalities and variabilities in PL

« VCS PL is composed of distinct products that can be configured in different
ways. We designed the VCS PL using Feature Model for Testing (FM_T)
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YA FM. T

 FM can be represented as FM = {features, constraints}
* Features= {mandatory, optional, alternative, or}

* Constraints = {require, mutually exclusive}

09/04/19 Testify AS
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YA FM. T

Mandatory Feature

/

g

~
SaturnProductLine

-—

N
Testing Sates

=

i Testing Featuresj

a—

-

Testing Parameters‘

&% Standby

Y
¥ vVideo call

P

Presentation

&% Multi-way

/ 4/_—* < 4P Requires: 'Multi-site'

~

N
Y Protocol

o T

@9 Multi-site

/ =

Alternative Feature

/

7% SIF

2% H323

Optional Feature

Require Constraint

N/

Or Feature
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E‘ Component Family Model for Testing (CFM_T)

dUsually, CFM is used to model the software system

architecture in product line, thereby facilitating product
configuration.

dIn our approach, CFM is not used to model the software

architecture, but rather to model a large number of test
cases in the repository.
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N3 CFM_T

QCFM_T can be represented as CFM_T = {component,
part, restrictions}

A component represents a test suite or a test task that
can be regarded as a named set of test cases

A part represents a test case that belongs to a test task

A restriction specifies whether an element in CFM_T can
be apart of the final decision

09/04/19 Testify AS 90



CFM T

Component

@*» testlD ='1268°
** FDC ='0.63

Component

\ & SaturnCFM ﬂ
4—""”-’)%\*

B3 Multi-way call |

-~

B3 Multi-site calq

i

P {*) ps:object: Multi-way c...

{=) ps:object: Multi-site call._.

Part

@*» AET ='53'

**» EF ='37

** testiD ='1342

@ FDC ='087

** AET ='133'

#» EF ='29

T~

Part
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E‘I Summary for FM_T and CFM_T

d Building FM_T is one-time manual effort
d CFM_T can be built from existing tese case information
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¥%' Summary for FM_T and CFM_T

*» Multi-way

\
/,

<<Reskrictions>> <<Restri

1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|

& Satum CFM_T)

B Muiti-way call

L T

ions>>

B Multi-site call

G

<<Trace>>

Multi-site call test task

Multi-way call test task

<<Trace>>
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E‘ Discussion

 Abstraction and automation

* Hide the implementation details

* No need to go through test cases manually
 Less reliance on domain expertise

J Reduced maintenance effort

1 Adaption in other context
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V2" Questionnaire-Based Survey

d Objective
» Solicit opinions from the industrial people about their experience for the
FM Tand CFM_T

d Plan and design
» Either multiple choices or required responses on a five-point Likert
Scale
* Four experienced people involved from the current testing team

 Results show test engineers are positive about adapting our methodology
to the current practice
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Vg Conclusion

O A product line modeling methodology for automated test case selection
» Feature Model for Testing (FM_T) to model testing functionalities of a product
line
» Component Family Model for Testing (CFM_T) to model the structure of a
large number of test cases in the repository

4 Evaluation using an industrial case study and questionnaire-based survey

d Selection effort reduced significantly and positive attitudes from test
engineers
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Vs Case study 3

A Model-Based Framework for Supporting An
Automated Cancer Registry System

p——
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¥4 Context

- Playing cancer research or releasing national report
requires sufficient input for cancer
- Diagnosis
- Treatment
- Relapse

- CANCER "

Reqistry of Norway °

INSTITUTE OF POPULATION-
BASED CANCER RESEARCH v

L=
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V4 Context-Cancer registry of Norway (CRN)

Medical Entities

Clinical

Department Cancer 00
Pathology messages (:A N (: E R Lg X ‘ Cancer
Laboratories — "Q 0 Cases
_ Reqistry of Norway — ¢©@ p
Radiology INSTITUTE OF POPULATION- ¢ @®
Laboratories BASED CANCER RESEARCH ~ ©

Death Registry

Transfer from a paper-based/manual registry system to an ICT-
based Automated Cancer Registry System (ACRS)
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Vs Cancer messages and cases

- A cancer message includes a set of fields (e.g., message type)
records all the necessary information related with one cancer about
one cancer patient from one specific medical entity, e.g., pathology
laboratory.

-+ A cancer case consists of a number of fields (e.g., cancer type) for
one cancer about one cancer patient that are necessary for cancer
research and report.

+ Aggregated from a set of corresponding cancer messages
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V3 Three Key activities in CRN

- Cancer Message Validation (Step 1)

+ Collect cancer messages from different medical entities, and check their
validity and correctness

+ A female cannot have a prostate cancer
+ Age should be integer

- Cancer Message Aggregation (Step 2)

+ Aggregate relevant cancer messages into one cancer case that contains
information of one cancer for one cancer patient

- Cancer Case Validation (Step 3)

+ Check validity and correctness of aggregated cancer cases
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¥4 Cancer Coding Rules

- Cancer Coding Rules: core to ensure the activities

* Breast cancer requires female gender
* Prostate cancer requires male gender

- A large number: more than one thousand
+ Specified by medical chief officers
* Implemented by medical programmers

+ Applied by medical coders
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¥4 Cancer Coding Rules

- Cancer Coding Rules: core to ensure the activities

* Breast cancer requires female gender
* Prostate cancer requires male gender

- A large number: more than one thousand
+ Specified by medical chief officers
* Implemented by medical programmers

+ Applied by medical coders
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¥4 Challenges in the current practice of CRN

- Low Level of Abstraction
- Domain knowledge captured in the implementation level
- Different to learn for fresh stakeholders

- Large Effort for Maintaining Cancer Coding Rules
 The rules scattered and represented in different ways
- No unique manner to manage and maintain
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5 MBF4CR

- Modeling Methodology
- Model the domain knowledge as a UML class diagram
- Specify cancer coding rules as OCL constraints
- Associate tags to the OCL constraints

* Tool Support
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Modeling methodology

- MethudalngyJ

A1: Model Domain Knowlege as UML Class
Diagram

«Manuals»

A2: Specify Rules as OCL Constraints
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A1: Model the Domain Knowledge as an
UML Class Diagram

|

CancerPatient

personid : Integer

CancerMessage

messageld : Integer

age . Integer

birth : Date

gender : GenderType
smoking : Boolean
occupation : String

TNMMType
MX TNMTType
MO ™
Mia T0
M1b
Mic Tla
T1b
Tic
GenderType T4
Female T2b
Male T?c
Hermaphrodite T3a
Transsexual T3b
Unknown T4

w

cancerCaseld : Integer
personid : Integer
messageType : String
primaryTreatment : Integer
filmNumber : Integer
imageMNumber : Integer
screeningFindings : Boolean
tumorDiameter : Integer
lymphMNodeANT : Integer
lymphMNodeAFF : Integer
infiltrationDepth : Integer
mamEventNumber : Integer
manLesionsNumber : Integer
restTumor : String

_genetics : String

| o

CancerCase

W

cancerCaseld : Integer

CommonField

cancerType : CancerType
I DS : Integer |
diagnosisDate : Date
LOK_ICD?7 : String

topography : String
morphology : String
basis : Integer

CancerType

metastase : String
registeredData : Date

Date TNMNType
day : Integer NX
month : Integer NO
year : Integer N1

Bone
Breast
Colon
Liver
Prostate

recurrenceDate : Date
surgery : Integer

cN : TNMNType

cM : TNMMType

cT : TNMTType
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4 Statistics

- 64 attributes for CancerMessage class

- 49 attributes for CancerCase class

- 48 attributes for CommonField class
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V4 A2: Specify Rules as OCL Constraints

Rule

1

[ ]

MAR MVR CCVR
L
1 ..2 1 1
PreRule PostRule | —— OCLConstraint
1 contextConstraint : Classifier

i)
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V4 Cancer Message Validation Rules (MVRs)

- Definition
+ Evaluate the validity of one field value of a cancer message
+ DS in a cancer message is an integer ranging from 1 to 9
- Evaluate the consistency of several fields within a cancer message

- If the value of attribute basis is equal to “79” and the message type is not “O7, the
value of surgery can only choose either “95” or "97”

* Guideline
c context MVR inv: self.oclConstraint.contextConstraint =
CRN::CancerMessage

- Example

+ context CancerMessage inv: self.basis = 79 and self.messageType <>'0O'
implies (self.surgery = 95 or self.surgery = 97)
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4’ Cancer Case validation Rules (CCVRs)

- Definition
+ Evaluate the validity of one field in a cancer case

- Evaluate the consistency of several fields within a cancer case
+ the value of surgery cannot be 1 when the value of topography is C70, C71 or C72

- Guideline
+ context CCVR inv: self.oclConstraint.contextConstraint = CRN::CancerCase

- Example

+ context CancerCase inv: (self.topography = 'C70" or self.topography = 'C71’
or self.topography ='C72") implies self.surgery <>1
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E‘ Cancer Message Aggregation Rules (MARSs)

* Definition
Aggregate one or more cancer messages into a cancer case

When a new cancer message comes, if and only if the DS value for the new cancer messagte is 2 and the current
DS value for the cancer case is 3 (condition), the DS value for the cancer case will be updated to 2 (action)

+ Guideline
Pre-Rule (Condition)

- context MAR .inv: self.preRule->size() =1 immies self.preRule- >select(preR:PreRule|
preR.oclConstraint.contextConstraint = CRN::CancerMessage)->size() =1
context MAR inv: self.preRule->size() =2 implies self.preRule.oclConstraint-
>select(c:OCLConstraint|c.contextConstraint = CRN::CancerM_essageg-:*slze() =1 and
se!f.p(r)e 1U|E.DC|CDHEtralnt->58|ECt(CZOCLCDI‘IEtralnt|C.GDntE}(tCDn5tralnt = CRN::CancerCase)-
>size() =

Post-Rule (Action)
context PostRule inv: self.oclConstraint.contextConstraint = CRN::CancerCase

- Example
Pre-rules: context CancerMessage inv: self.DS=2 context CancerCase inv: self. DS=3
Post-rule: context CancerCase inv: self. DS=2
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V4 A3: Associate Tags to OCL Constraints

- Tags are associated with a rule based on one or more
attributes that the rule constrains

- Tags reuse the same names as the attributes in the
domain model

- Example

+ context CancerMessage inv: self.basis = 79 and self.messageType <>'0O'
implies (self.surgery = 95 or self.surgery = 97)

- Tags: basis, message Type and surgery
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Tool Support
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V2" Case Study

» A real case study from CRN
» Cancer data
* 10 cancer messages
» 6 cancer cases
* Medical cancer coding rules
- 89 MVRs
- 30 MARs
* 68 CCVRs

09/04/19 Testify AS 115



¥4 Results-RQ1(Performance)

- Reduce Rule for Execution
« 32.8% of MVRs and 63.3% of MARs were selected for the 10
cancer messages
- 37.5% of CCVRs were selected for all the 6 cancer cases

- Time for Selecting and Executing Rules
- 732.1, 390.3 and 578 milliseconds for cancer message
va:igation, cancer message aggregation and cancer case
validation

- 251, 20.5, 22.7 milliseconds for selecting and executing a
MVR, a MAR and a CCVR
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V4 Results-RQ2(Correctness)

- Manually checked the results produced by MBF4ACR
« 292 executions of MVRs: 879 field check
+ 190 executions of MARs: 599 field check
+ 139 executions of CCVRs: 958 field check

- Results showed:
« Correct domain model
- Correctly specified medical rules
+ Correct implementation
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¥4 Discussion

- Raising Level of Abstraction and Enabling Automation
- Facilitate communications of domain knowledge
- Reduce the cost of training new stakeholders
- Facilitate the automated process of rule selection

- Systematically Maintaining Medical Rules
+ Only affected OCL constraints need to be updated
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™2 Conclusion

- MBF4CR: A model-based framework for CRN
+ Systematically model the domain knowledge as UML class diagrams
+ Formally specify different types of medical rules as OCL constraints
+ Associate tags to each OCL constraint to enable an automated rule selection
process
- Evaluation with a real case study from CRN

+ Facilitate the current practice with an acceptable performance
+ Comply with the medical domain knowledge

* Reduce the maintenance effort of medical cancer coding rules
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Vs What we have learnt: Take-away

- Global best practice of MBT

- Broad applicability of MBT

- Mature commercial tool support for MBT

- Models are the key factor for success applications of MBT
- MBT for large scale systems and automated testing
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Vs Agenda

* Introduction (30 min)
- Start MBT with a simple example (30 min)
- Short break (10 min)

- The value of models (40 min): three real case studies

* Q&A (10 min)
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